D
proximately 17% of the U.S. population will suffer from a major depressive episode at some point in their lifetime. 1, 2 Depression has been ranked as the leading cause of disability in the United States, with over $40 billion being spent each year on lost work productivity and medical treatment related to this illness. [3] [4] [5] [6] Recent research suggests that between the years of 1987 and 1997, the rate of outpatient treatment for depression in the United States tripled and that health care costs related to this disorder continue to rise. 7 The vast majority of those suffering from depression first seek treatment from their primary care providers. 8 As such, it has been estimated that the prevalence of depression in primary care settings is 3 times that in community samples, and rates for minor depression and dysthymia are even greater, ranging from 5% to 16% of patients. 8, 9 Depressed patients treated in primary care settings receive predominantly pharmacologic therapy, with fewer receiving adjunct cognitive or behavioral interventions. 7 As a result, it is likely that many of these patients are not educated regarding nonpharmacologic strategies for managing the symptoms of their depression. Treatment of clinical depression can be improved by the addition of cognitive-behavioral therapies, 10 and by exercise. Research has also shown that depressed patients are less fit and have diminished physical work capacity on the order of 80% to 90% of age-predicted norms, [11] [12] [13] [14] which in turn may contribute to other physical health problems. Therefore, primary care providers are uniquely positioned to promote behavioral approaches, such as exercise, that complement pharmacologic treatment and may ultimately provide relief from this chronic and often treatmentresistant disorder as well as enhance overall physical well-being. The current review discusses the growing body of research examining the exercise-depression relationship. Databases searched were Medline, PsycLit, PubMed, and SportsDiscus from the years 1996 through 2003. Terms used in the search were clinical depression, depression, exercise, and physical activity.
EXERCISE AND CLINICAL DEPRESSION
Involvement in structured exercise has shown promise in alleviating symptoms of clinical depression. Since the early 1900s, researchers have been interested in the association between exercise and depression. Early case studies concluded that, at least for some, moderate-intensity exercise should be beneficial for depression and result in a happier mood. 15, 16 Further, a relationship between physical work capacity (PWC) and depression appeared to exist, [11] [12] [13] [14] but the directional nature of this relationship could not be addressed via case and cross-sectional studies. However, researchers have remained interested in the antidepressant effects of exercise and more recently have utilized experimental designs to study this association.
Many studies have examined the efficacy of exercise to reduce symptoms of depression, and the overwhelming majority of these studies have described a positive benefit associated with exercise involvement. For example, 30 community-dwelling moderately depressed men and women were randomly assigned to an exercise intervention group, a social support group, or a wait-list control group. 17 The exercise intervention consisted of walking 20 to 40 minutes 3 times per week for 6 weeks. The authors reported that the exercise program alleviated overall symptoms of depression and was more effective than the other 2 groups in reducing somatic symptoms of depression (reduction of 2. 18 utilized a multiple baseline design to evaluate the effectiveness of interval training in alleviating symptoms of depression. The participants exercised on a cycle ergometer 4 times per week, 30 minutes per session, for 6 weeks. This treatment was compared with an attention-placebo control condition in which subjects listened to audiotapes of "white noise" that they were told was subliminal assertiveness training. Results indicated that the aerobic training program was associated with a clear reduction in depression compared with the control condition, and the improvements in depression were maintained at 3 months post intervention (BDI mean reduction of 14.4 points from baseline, p < .05). In another study, just 30 minutes of treadmill walking for 10 consecutive days was sufficient to produce a clinically relevant and statistically significant reduction in depression (reduction of 6.5 points from baseline on the Hamilton Rating Scale for Depression [HAM-D], p < .01). 19 Research also suggests that the benefits of exercise involvement may be long lasting. 20 Depressed adults who took part in a fitness program displayed significantly greater improvements in depression, anxiety, and selfconcept than those in a control group after 12 weeks of training (BDI reduction of 5.1 [fitness program] vs. 0.9 [control], p < .001). The exercise participants also maintained many of these gains through the 12-month followup period. 20 While most studies have employed walking or jogging programs of varying lengths, the efficacy of nonaerobic exercise has also been assessed. For example, in comparison with a control condition, resistance-training programs reduced symptoms of depression (resistance training vs. control resulted in BDI reduction of 11.5 vs. 4.6, respectively, p < .01, and HAM-D reduction of 7.0 vs. 2.5, respectively, p < .01). 21 Aerobic and nonaerobic modes of exercise have also been compared to determine if certain types of activities are more effective than others. Doyne and colleagues 22 compared the efficacy of running with that of weight lifting. Forty depressed women served as participants and were randomly assigned to running, weight lifting, or a wait-list control group. Participants were asked to complete 4 training sessions each week for the 8 weeks of the program. Depression was assessed at mid-and post-treatment and at 1, 7, and 12 months followup. Results indicated that the 2 activities were not significantly different, and that both types of exercise were sufficient to reduce symptoms of depression (running vs. weights vs. control resulted in BDI reduction of 11.1 vs. 13.6 vs. 0.8, respectively, p < .01, and HAM-D reduction of 6.7 vs. 8.7 vs. a 1.0 increase, respectively, p < .01). Further, there were no differences between the 2 treatment groups during follow-up with respect to the percentage of participants who remained nondepressed. Similarly, a study by Martinsen et al. 23 assessed 90 depressed inpatients who were randomly assigned to aerobic or nonaerobic exercise. Aerobic exercise consisted of jogging or brisk walking, and nonaerobic exercise included strength training, relaxation, coordination, and flexibility training. The program was 8 weeks in length, and participants exercised for 60 minutes, 3 times per week. Those in the aerobic group exhibited an increase in PWC compared with those in the nonaerobic group. However, both groups experienced a significant reduction in depression score (p < .001), but there were no significant differences between the groups with respect to the magnitude of change in depression score (p > .10).
Additionally, exercise compares quite favorably with standard care approaches to depression in the few studies that have evaluated their relative efficacy. For example, running has been compared with psychotherapy in the treatment of depression, with results indicating that running is just as effective as psychotherapy in alleviating symptoms of depression (Symptom Checklist-Depression reduction in mean item score of 1.9 [running] vs. 1.6 [therapy], NS). 24 The benefits of running have been compared with cognitive therapy alone and a combination of running and cognitive therapy. 25 Participants in this study were randomly assigned to running only, running and therapy, or cognitive therapy only. The treatment was 10 weeks in length. The running group met 3 times per week and exercised for 20 minutes per session. Those in the therapy-only group met with a therapist for 60 minutes once a week. Those in the combination group received 10 individual sessions with a therapist and also ran 3 times per week. There were no significant differences between these 3 groups, with all groups displaying a significant reduction in depression, and the positive benefits were still present at the 4-month follow-up (BDI reduction of 10.9
[running] vs. 11.0 [therapy] vs. 7.7 [combined]; main effect for time, p < .001; group × time interaction, NS, p > .05).
The efficacy of exercise relative to psychotropic medication has also been investigated. Blumenthal and colleagues 26 randomly assigned 156 moderately depressed men and women to an exercise, medication, or exercise and medication group. Those in the exercise group walked or jogged on a treadmill at 70% to 85% of heart rate reserve for 30 minutes 3 times per week for 16 weeks. Those in the medication group received sertraline, and a psychiatrist evaluated medication efficacy, assessed side effects, and adjusted dosages accordingly at 2, 6, 10, 14, and 16 weeks. Those in the combination group received both medication and exercise prescription according to the procedures described previously. Results showed that while medication worked more quickly to reduce symptoms of depression, there were no significant differences among treatment groups at 16 . Therefore, exercise was as effective as medication for reducing symptoms of depression in that sample. Interestingly, 10-month follow-up of those participants revealed that exercise group members (70%) had significantly (p = .028) lower rates of depression than those in the medication (48%) or the combination groups (54%). 27 Finally, at 10 months, regular exercise involvement was a significant predictor of lower rates of depression (OR = 0.49, CI = 0.32 to 0.74, p < .01). 26 
META-ANALYTIC FINDINGS
While relatively few studies have been described here for illustrative purposes, there are now a large number of studies that support the efficacy of exercise in reducing symptoms of depression. Further, while the early research in this area suffered from a variety of methodological limitations (e.g., small samples, lack of random assignment, lack of control groups), current researchers have addressed these design issues, and presently there are multiple studies that have utilized experimental designs or employed a randomized clinical trial approach. Metaanalysis provides one means of summarizing this growing body of primary research and identifying variables that may moderate the effect of exercise on depression. Effect sizes (ESs) are calculated for each study and weighted to correct for positive bias that can result from small sample sizes. The statistical analyses of these ESs allow the researcher to investigate study and subject characteristics that may moderate the exercise-depression relationship as well as compare subsets of samples from the original studies and make comparisons (e.g., male vs. female, mildly vs. moderately depressed) that were not directly made within each of the individual primary research articles.
There have been several meta-analyses conducted on the literature examining the relationship between exercise and depression. North et al. 28 included 80 studies in their meta-analysis and reported an overall mean ES of -0.53, indicating that exercise reduced depression scores by approximately one half a standard deviation compared with those in comparison groups. That meta-analysis included primary research studies that had examined the exercisedepression relationship in a variety of samples (e.g., college students, medical patients, depressed and mentally ill patients, and normal adults). When those authors analyzed the subgroup of studies that had utilized clinical populations (e.g., substance abusers, post-myocardial infarction patients, hemodialysis patients), they reported an even larger ES of -0.94. However, patients suffering from depression secondary to a medical condition may be qualitatively different from those who suffer from clinical depression as the primary illness. As such, exercise interventions that are effective for medical populations may not be as effective in treating depression when it is the primary disorder. 29 Craft and Landers 30 attempted to further clarify this relationship and included only studies in which individuals diagnosed with clinical depression served as participants. Thirty studies were included in that meta-analysis, and an overall mean ES of -0.72 was reported. Several variables related to study quality, subject characteristics, and exercise program characteristics were coded and examined in an attempt to determine potential moderators of this relationship. Interestingly, exercise program characteristics such as duration, intensity, frequency, and mode of exercise did not moderate the effect. In fact, only the length of the exercise program was a significant moderator, with programs 9 weeks or longer being associated with larger reductions in depression. Further, exercise was equally effective across a variety of patient subgroups. For example, subject characteristics such as age, gender, and severity of depression did not emerge as significant moderators. Finally, when compared with other traditional treatments for depression, exercise was just as beneficial and not significantly different from psychotherapy, pharmacologic therapy, and other behavioral interventions. 30 Lawlor and Hopker 31 more recently conducted a metaanalysis that included only randomized controlled trials of clinically depressed patients. Fourteen studies were included in their meta-analysis. They reported an overall mean ES of -1.1 for exercise interventions compared with no-treatment control groups. Exercise was also as effective as cognitive therapy in alleviating symptoms of depression, with a nonsignificant ES of -0.3 emerging.
Analyses of subsamples within these meta-analyses indicate that exercise is effective for both men and women of all ages as well as those who are initially more severely depressed. Further, comparison of exercise program characteristics across the studies yielded nonsignificant ESs, indicating that exercise need not be lengthy or intense and that fitness gains are not necessary for patients to experience positive benefits. Therefore, in light of this additional meta-analytic support, researchers have begun to recommend that depressed individuals should adopt physically active lifestyles to help manage their symp-toms. 30, 32, 33 Table 1 provides basic characteristics of the studies utilizing clinical populations that were included in the 3 meta-analyses discussed above. 28, 30, 31 Readers are referred to each of the meta-analyses for additional information regarding individual primary research articles. Further, a review by Dunn and colleagues 34 includes a summary of study and participant characteristics for quasiexperimental and experimental designs.
The data from the 3 meta-analyses discussed previously 28, 30, 31 resulted in overall ESs of -0.72, -0.94, and -1.1. Converting these ESs to a binomial effect size display allows one to examine the practical clinical significance of these effect sizes. 35 These values reflect an increase in success rate due to treatment (i.e., exercise) of 67%, 71%, and 74%, respectively, and such promising treatment outcomes are notable. In medical settings, clinical guidelines suggest that a 50% reduction in symptoms during the treatment phase is considered a treatment response. Researchers have argued that this criterion is more clinically relevant than statistically significant results, which can occur even if the participants have not experienced a 50% reduction in the symptoms of their depression. 34 Therefore, even when using this more clinically relevant guideline, the meta-analytic data provide support for the efficacy of exercise in reducing symptoms of depression. While this discussion is not meant to argue against the use of antidepressant medication or psychological therapies, there is strong evidence to advocate the use of exercise as a potentially powerful adjunct to existing treatments.
PROPOSED MECHANISMS FOR THE EXERCISE-DEPRESSION RELATIONSHIP
While the research is consistent and points to a relationship between exercise and depression, the mechanisms underlying the antidepressant effects of exercise remain unclear. Several credible physiologic and psychological mechanisms have been described, such as the thermogenic hypothesis, 36 the endorphin hypothesis, 37,38 the monoamine hypothesis, [39] [40] [41] [42] the distraction hypothesis, 43 and the enhancement of self-efficacy. 29, [43] [44] [45] [46] However, there is little research evidence to either support or refute most of these theories.
Thermogenic Hypothesis
The thermogenic hypothesis suggests that a rise in core body temperature following exercise is responsible for the reduction in symptoms of depression. DeVries 36 explains that increases in temperature of specific brain regions, such as the brain stem, can lead to an overall feeling of relaxation and reduction in muscular tension. While this idea of increased body temperature has been proposed as a mechanism for the relationship between exercise and depression, the research conducted on the thermogenic hypothesis has examined the effect of exercise only on feelings of anxiety rather than depression.
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Endorphin Hypothesis
The endorphin hypothesis predicts that exercise has a positive effect on depression due to an increased release of β-endorphins following exercise. Endorphins are related to a positive mood and an overall enhanced sense of well-being. This line of research has not been without criticism. The debate remains as to whether plasma endorphins reflect endorphin activity in the brain. Some 37, 38 have argued that even if peripheral endorphin levels are not reflective of brain chemistry, they could still be associated with a change in mood or feelings of depression. Several studies have shown increases in plasma endorphins following acute and chronic exercise [49] [50] [51] ; yet, it remains unclear if these elevations in plasma endorphins are directly linked to a reduction in depression. Lastly, the phenomenon of runner's high, often attributed to endorphin release, is not blocked by naloxone injection, an opiate antagonist.
52,53
Monoamine Hypothesis
The monoamine hypothesis appears to be the most promising of the proposed physiologic mechanisms. This 28 Craft and Landers, 30 and Lawlor and Hopker. hypothesis states that exercise leads to an increase in the availability of brain neurotransmitters (e.g., serotonin, dopamine, and norepinephrine) that are diminished with depression. These neurotransmitters increase in plasma and urine following exercise, but whether exercise leads to an increase in neurotransmitters in the brain remains unknown. [40] [41] [42] Animal studies suggest that exercise increases serotonin and norepinephrine in various brain regions, 39, [54] [55] [56] but, to date, this relationship has not been studied in humans.
Therefore, while several physiologic mechanisms remain plausible, methodological difficulties have prevented this line of research from advancing. Martinsen 57 discusses how testing biochemical hypotheses is often difficult in humans due to the invasive procedures necessary to obtain samples (e.g., spinal taps for cerebrospinal fluid samples). Further, biochemical samples obtained from blood or other bodily fluids may not directly reflect the activity of these compounds in the brain. 39 Hopefully, with the advent of new less invasive neuroimaging techniques, future researchers can examine whether exercise leads to the neurochemical changes in the brain predicted by these physiologic hypotheses.
Distraction Hypothesis
Several psychological mechanisms have also been proposed. As was the case with the physiologic mechanisms, many of these theories have not been tested extensively. The distraction hypothesis suggests that physical activity serves as a distraction from worries and depressing thoughts. 43 In general, the use of distracting activities as a means of coping with depression has been shown to have a more positive influence on the management of depression and to result in a greater reduction in depression than the use of more self-focused or introspective activities such as journal keeping or identifying positive and negative adjectives that describe one's current mood. 58, 59 Exercise has been compared with other distracting activities such as relaxation, assertiveness training, health education, and social contact. 17, 18, 23, 60 Results have been inconclusive, with exercise being more effective than some activities and similar to others in its ability to aid in the reduction of depression. However, exercise is known to increase positive affect, which is diminished in depressed patients and is not augmented by distraction activities. The diminished capacity to experience positive affect is an essential distinguishing symptom in clinical depression.
Self-Efficacy Hypothesis
The enhancement of self-efficacy through exercise involvement may be another way in which exercise exerts its antidepressant effects. Self-efficacy refers to the belief that one possesses the necessary skills to complete a task as well as the confidence that the task can actually be completed with the desired outcome obtained. Bandura 36 describes how depressed people often feel inefficacious to bring about positive desired outcomes in their lives and have low efficacy to cope with the symptoms of their depression. This can lead to negative self-evaluation, negative ruminations, and faulty styles of thinking. It has been suggested that exercise may provide an effective mode through which self-efficacy can be enhanced based on its ability to provide the individual with a meaningful mastery experience. Research examining the association between physical activity and self-efficacy in the general population has focused predominantly on the enhancement of physical self-efficacy and efficacy to regulate exercise behaviors. The relationship between exercise and self-efficacy in the clinically depressed has received far less attention. The findings of the few studies that have examined this relationship have been equivocal as to whether exercise leads to an enhancement of generalized feelings of efficacy. 23, 61 However, 1 recent study 62 has reported that involvement in an exercise program was associated with enhanced feelings of coping self-efficacy, which, in turn, were inversely related to feelings of depression.
More research is needed to determine which, if any, of the mechanisms described herein are important moderators of the exercise effect. It is highly likely that a combination of biological, psychological, and sociological factors influence the relationship between exercise and depression. This is consistent with current treatment for depression in which the effects of pharmacotherapy and psychotherapy on depression are additive and address biological, psychological, and sociological aspects of the patient. There may also be individual variation in the mechanisms or combination of mechanisms mediating this relationship. 32 Additionally, different mechanisms may be important at specific times in the natural course of depression. Until more is known about the possible mechanisms, this relationship may be best studied utilizing a biopsychosocial approach.
PRACTICAL CONSIDERATIONS
With increasing evidence to support the efficacy of this behavioral intervention in reducing symptoms of depression, we encourage primary care providers to recommend exercise involvement to their depressed patients. However, if physicians are to recommend physical activity as adjunct therapy, there are a few practical considerations that should be addressed. First, patients with depression are typically sedentary and may lack motivation to begin an exercise program. The American College of Sports Medicine 63 has made the recommendation that all adults should exercise at least 30 minutes per day, on all or most (5) days per week, at a moderate-vigorous intensity. Such a recommendation is likely to be overwhelming to some-one who is currently sedentary and depressed. Based on the meta-analytic findings in this area, an exercise prescription of 20 minutes per day, 3 times per week, at a moderate intensity is sufficient to significantly reduce symptoms of depression. 30 Therefore, we suggest that physicians begin with this prescription as an initial recommendation.
Physicians should counsel patients to begin slowly and choose an enjoyable mode of exercise. For many people, walking is often a cost-effective option, and the physician should ask patients to identify a safe place to walk and a place to walk indoors during inclement weather (e.g., a shopping mall). The primary care provider may want to encourage the patient to first work on the frequency of his or her exercise activities, that is, setting a goal of 3 exercise sessions per week, at a comfortable pace, for a manageable length of time (e.g., 10 minutes). Once the patient becomes confident that the exercise frequency is under his or her control, the duration of the exercise bout can gradually be increased.
The final exercise characteristic that should be addressed is the exercise intensity. Reminding patients that exercise need not be lengthy or intense to enhance mood is also a good strategy. For patients with a low level of fitness, which characterizes most depressed patients, moderate-intensity exercise (60%-80% maximum heart rate) generally produces greater enjoyment than more intense activity. [64] [65] [66] [67] [68] [69] Further, in the general population, beginning a moderate-intensity exercise program is associated with roughly one half the dropout rate of beginning a vigorous-intensity exercise program. 70 Therefore, suggesting that patients begin with lower-intensity exercise activities that they find enjoyable should result in a more positive exercise experience for the patient and increase the likelihood of maintained exercise involvement.
Some data suggest that exercise may also improve sleep quality for some patients. 71, 72 However, at this time, causal inferences cannot be made, and specific sleep data for depressed patients are needed. Results are equivocal as to whether time of day of exercise plays a role in this relationship. As such, patients should be encouraged to exercise at a time that is most convenient for them. For some patients, depressive symptoms worsen later in the day and exercise may be easier to schedule and manage if conducted in the morning or afternoon. With limited data to support the notion that early evening exercise facilitates better sleep, physicians are encouraged to counsel patients that sleep quality may be improved by exercise, and patients should exercise when it is most convenient or feels best for them.
Briefly instructing patients on the benefits of using self-monitoring techniques (exercise logs, pedometers) and setting small, achievable goals can also be significant points of discussion when patients are adopting exercise programs. In the general population, research has shown that addressing a number of key factors specific to the individual (e.g., exercise self-efficacy, social support for exercise, and perceived barriers to exercise), as well as continued brief supportive contact with the researcher or physician, can increase the rate of adherence to the exercise program by up to 25%. [73] [74] [75] [76] The use of selfmonitoring and brief follow-up contact with the physician is aimed at increasing the patient's awareness of the immediate rewards of exercise, which is more effective in promoting adherence than focusing on distant outcomes. Therefore, primary care physicians are encouraged to regularly inquire (e.g., during office visits) about exercise involvement and reinforce any positive benefits the patient reports experiencing.
SUMMARY
The mechanisms underlying the antidepressant effects of exercise remain in debate; however, the efficacy of exercise in decreasing symptoms of depression has been well established. Data regarding the positive mood effects of exercise involvement, independent of fitness gains, suggest that the focus should be on frequency of exercise rather than duration or intensity until the behavior has been well established. The addition of self-monitoring techniques may increase awareness of the proximal benefits of exercise involvement, which is generally reinforcing to the patient.
Physician advice is likely to go a long way toward providing motivation and support for exercise. Follow-up contact may also be important during exercise adoption. While this follow-up may present a time challenge to the provider, less time-consuming interactions such as brief telephone contact and automated telephone contact have been shown to increase adherence to exercise programs. [77] [78] [79] [80] Finally, it is interesting to note that while depression may be an additional risk factor for exercise noncompliance, reported drop-out rates among depressed patients are not too different from those in the general population. 13, [21] [22] [23] 26 Drug names: naloxone (Suboxone, Narcan, and others), sertraline (Zoloft). Name ________________________________________ Social Security number _______ -_____ -_________ 
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